Abstract. In this paper, a new definition of distance of interval-valued fuzzy sets is presented. Four interval-valued fuzzy metric spaces respectively induced by four specific interval-valued implication operators are established. By discussing and comparing the structures of four specific interval-valued fuzzy metric spaces, it can be concluded that interval-valued fuzzy metric spaces induced by interval-valued Łukasiewicz implication and interval-valued Goguen implication respectively are suitable for interval-valued fuzzy reasoning.
Introduction
Fuzzy reasoning is an important tool of fuzzy control. The most influential approach is CRI based on fuzzy set theory presented by Zadeh [18] . As an improvement for the CRI method, Wang [14] proposed a new method, called the full implication triple I method, for fuzzy reasoning. As for fuzzy reasoning, the results of inference completely depend on the choice of fuzzy sets of fuzzy antecedents and fuzzy consequences as well as fuzzy connectives. However, fuzzy sets are chosen by people subjectively [8] . Naturally, we hope this fuzzy reasoning system has good robustness. It is important to measure the degree of deviation between fuzzy sets when we discuss robustness of fuzzy reasoning. Therefore, the largest perturbation and the average perturbation [16] , δ-equalities [2] , δ-sensitivity, largest δ-sensitivity and average δ-sensitivity [9, 10] had been proposed. Based on these notions, [2, 7, 10, 16 ] discussed robustness of various kinds fuzzy reasoning systems from different views. Because the behavior of a fuzzy logic system is mainly determined by the fuzzy connectives and fuzzy implication operators. Therefore, based on this point, Dai et al. [4] and Jin et al. [7] investigated the robustness of fuzzy reasoning via logic similarity degree. As an alternative for the logic similarity degree, a new metric was proposed and two kinds of suitable fuzzy metric spaces for fuzzy reasoning were found by Wang and Duan [15] . Based on the logic similarity degree, Duan and Li [5] compared the structures of four special logic metric spaces and analyzed the results from the standpoint of robustness of fuzzy reasoning.
Recently, many researchers extended approximate inference to the case of interval-valued fuzzy sets [17] and applied in various fields such as neural networks, control systems and so on [6, 9] . Luo and Zhang [11] given interval-valued fuzzy reasoning triple I method by combination of the triple I method and interval-valued fuzzy reasoning, and investigated the robustness of fuzzy reasoning triple I method. Furthermore, Luo and Zhou [13] extended reverse triple I method to the case of interval-valued fuzzy sets and researched the robustness of fuzzy inference reverse triple I method. Above researches of robustness of interval-valued fuzzy reasoning methods are based on Moore metric. However, it is easy to lose information when we use Moore metric to measure the robustness of interval-valued fuzzy inference. Suppose be interval-valued fuzzy subsets of non-empty sets . For example, let , , ⋯ , , , and ∈ , 1,1 1 10 , 1,1 1 9 , 0,0 and 0,0 1 10 . If we use the Moore metric, then we obtain , 1 and , 1. Obviously, this result is not reasonable. In order to cover the shortage, this paper will propose a new distance in Section 2.
The remaining part is organized in the following way. In Section 2, we review necessary some concepts related to this paper, and give four fuzzy metric spaces , . In Section 3, the structures of four interval-valued fuzzy metric spaces are given. The final Section includes our conclusions.
Preliminaries

Let
, | , , ∈ 0,1 . An ordering on as , , if and is called component-wise order [3] . And the ordering defined is a partially ordering on . Furthermore, take , ∧ , , iff , , and , ∨ , , iff , , . We can verify that ,∧,∨, 0, 0 , 1, 1 is a complete, bounded and distributive lattice. Let , , ⋯ , be non-empty sets, be interval-valued fuzzy subsets of non-empty sets , ∈ denoted by , . 
Analysis of four interval-valued fuzzy metric spaces structures
In this Section, we will analyze four interval-valued fuzzy metric spaces structures based on regular implications on . Let X= , , , , ∈ , if there exists ∈ , such that 1, 1 , then is a normal interval-valued fuzzy set.
. For four metrics , , and , we can obtain , ,
Now, we will detail discuss and analyze structures of four important interval-valued fuzzy metric spaces in the follows. and ∈ . Then is condensation point of , iff is a normal interval-valued fuzzy set on .
Proof. Let be a normal interval-valued fuzzy set, then there exists ∈ such that 1, 1 . For all ∈ 0,1 , take ∈ , then For all ε 0, we can find ∈ such that , , i.e., is condensation point of , .
Conclusion
In this paper, we investigated the four interval-valued fuzzy metric spaces structures induced by four specific regular implication on . It is shown that there exist only a class of isolated points in , and there is no isolated point in , d . Hence, we'd better choose intervalvalued fuzzy metric spaces , and , d to research issues of fuzzy reasoning.
